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TIDES

and range. When the tides at any place have
been correlated with astronomical variables, it is
possible to make predictions regarding future tides
at that place. In this way tables of the times and
heights of high- and low-water, of the heights of
water at all hours, or of the times of minimum
tidal current are made. In the construction of
these tide-tables the harmonic method is much
aised, and most of the necessary calculations are
made by a special machine first imagined by Lord
Kelvin. In this machine there is a pulley corre-
sponding to each harmonic constituent, and the
range and phase of the motion of its centre can
be adjusted to correspond with the results of the
analysis of observations. A cord with one end
fixed passes round all the pulleys so that its free
-end shows the addition of all the constituents.

The physical nature of the forces which generate
the tides was first revealed by Newton.   Let M be

the centre of the moon and E that of the earth.
Then E moves with an acceleration towards M
determined by the moon's gravitational force at
E, while a particle of water, P, has an acceleration
depending on the moon's gravitational force at
P, combined with that of the earth itself and "the
reactions of the sea-floor and neighbouring water.
The tides consist in the motion of the water relative
to the land, and so we consider the acceleration of
P relative to E.   For this we require the excess of
the moon's attraction at P over that at E, and so
the tide-generating force is obtained by combining
the moon's attraction at P with a repulsion of
direction, ME, and magnitude equal to the moon's
attraction at E.   This repulsion  represents the
effect of the inertia of the water owing to #he
acceleration of the solid earth towards M.   Of
course the velocity of the solid earth is perpendi-
cular to ME.   Imagine a sphere, CD, described with
M as centre and passing through E.   Then over
CAB the tide-generating forces will be attractive,
while over CBD they will be repulsive.   But owm$
to the reaction of the sea-floor only the horizontal
components of the tide-generating forces will count,
and it is clear that over CAD these components
will be directed towards A, while over CBD they
will be directed towards B.   Now the sun as wet
as the moon will raise tides, and it Is a consequence
of the law of gravitation that the tide-generating
forces due to these two bodies are directly pro
portional to their masses and inversely proportiona
to the cubes of their distances from tlie earth.   The
separate attractions at E and P are inversely pro
portional to the squares  of the distances ME
and MP, but the difference between the two i
inversely proportional to the cube of ME, approxi
mately.   "Now the sun's mass is nearly 27,000,001
times the moon's mass, and the sun's distance i
about 390 times the moon's distance. Consequent!1
the sun's tide-generating forces are to the moon*
in the ratio of 27,000,000 to 3903, i.e. roughly, 5 tc
11,    The distribution of the disturbing forces ove
the oceans is most simply specified by a statemen
of what the tides would "be if the water could in
stantaneously take up a position of equilibrium
The slope of the surface of the water would then
^e always such that the consequential differences o
pressure produced horizontal forces balancing th

ide-generating forces. It is clear that due to the
unar forces the water-surface would slope upwards
:rom CD towards the points A and, B, as shown in
he figure. The points A and B would follow the
moon in its apparent daily course, with the result
hat twice every lunar day high-water and low-
#ater would be experienced at most points of the
>cean. An exception woiild occur at the North
^ole, whose position relative to M is not affected
>y the diurnal motion of the earth. This speciiica-
ion of forces is known as the equilibrium-form of
he lunar tides, and a corresponding specification
t/pplies to the solar forces.
In considering how far the actual tides will have
lie properties of the e^qiiilibrium-form, we first
*emark that, owing to inertia, continual balance
)etween pressure-chiferencew and disturbing forces
s not possible, and the actual titles are not re-
presented directly by the equilibrium-form. It is a
general dynamical principle, however, that forcon
which alternate in a definite period produce motions
which alternate in the same period, This is Laplace's
principle, on which Lord Kelvin founded the har-
nonic methods of analysis and prediction. The
periods of the harmonic constituents arc calculated
:rom the equilibrium-form, but the ranges and
^hase-lags are obtained from the actual tides.
When solar high-water coincides with lunar high-
water we have the phenomenon of spring-tidoH,
and when solar low-water coincides with lunar
,iigh-water we have the phenomenon of neap-tidca,
tn the equilibrium-form ttpring-tidos occur at now
and full moon and neap-tides at the quar tiers, but
,n the actual tides these phenomena usually occur
a day or two later. Near springa the shorter aolar
period shortens the period of the resultant tide and
we have the phenomenon of priming. By examin-
ing the sequence of the bwo tides near neaps the
reader will easily see the reason for lagging. If at
a certain place the lunar tide vanishes and the
solar tide does not, then high-water will occur at
the same solar time every day, A gradual increase
or decrease in the range of the generating forcon
will produce a gradual incroaHC or docroaHo in the
range of the tides, though the two changes will wot
in general be simultaneous. Wo thiiH HOC that tho
magnitudes of the lunar and solar tides will vary
with tho distances of the moon and nun from the
earth. When tho moon JH not on the uauator it is
easy ^to wee that the two daily tidcH of tho lunar
equilibrium-form will not "be equal, since tho points
A and B will cross tho meridian of tho places at
different distances from the place, It follows that
the actual lunar tides will generally oxporumoo a
diurnal inequality which goon through a period with
the moon's declination, and there will be a Himilar
effect in the solar tides. On the harmonic wot hod
the diurnal inequality is represented by tho intro-
duction of constituents with periods of about a day,
and when the diurnal constituents become greater
than tho semi-diurnal constituents we may have
only one high-water each day.
Tho chief features of the tides of such bodies of
water as the Irish Sea and the 'English Channel
have been explained on the principles of dynamics,
These tides are largely maintainod by those of
the ocean and are much influenced by the earth's
rotation, For example, when the current Hows
with its maximum speed north through tho southern
Irish Channel the surface of the water is 5'7 feet
higher on the "Welsh coast than on tho Irish coast.
The eilect is reversed when the current flows south,
and in consequence the range of tide is 11*4 feet
greater on the Welsh Bide than on the Irish side.
In suitable circumstances high-water on one side
of a channel ^may be simultaneous with low-water
on the opposite side, an example of which occurs
on the opposite coaste of England and Holland.